w 

N 

00 

di 

oo 

<£> 


ANNUAL  REPORT  No.  8 

for  the  period  endings  31  May  1969  - 

\_  - 

Contract  Nonr  -  4008(0?) 
submitted  to 

Office  of  Naval  Research; 

Power  Program 


MECHANISMS  OF  REACTIONS  OF  OXIDIZERS 


i  > 


hy 

A.  G.  Keenan 


ovi 


riwOS 


{or  publi —  ..  i 

Au-tribnlicn  is  ao*fflutod 


Department  of  Chemistry 
University  of  Miami 
Coral  Gables,  Florida 

33124 


Reproduced  by  Iho 

CLEARINGHOUSE 
for  Fedora!  Scientific  &  Tecfnyeal 
Information  Springfiold  Va.  22I5I 


ii  U  -  ■ 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


1  K  W' UJ^1!?1 .  Jf 1  l'?* 


Annual  Report  No*  8-31  May  1969 
Office  of  Naval  Research  -  Contract  Norir  -  4008(0?) 
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A*  G.  Keenan 
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Coral  Gables,  Florida  33124 


The  following  publications  have  resulted  during  the  past 
year  from  research  under  this  contracts 

1 .  Special  Report  No.  6,  “The  Thermal  Decomposition  of 
Ammonium  Perchlorate  -  A  Literature  Review",  by  A.  G. 

Keenan  and  Robert  F.  Siegmund,  dated  1  August  1968,  This  has 
been  distributed  according  to  the  cognizant  distribution  list. 
The  report  is  a  review  of  the  unclassified  literature  on  the 
uncatalyzed  thermal  decomposition  of  ammonium  perchlorate 
through  May  1968.  It  comprises  47  pages  and  137  references  to 
scientific  journals  and  DDC  reports.  This  Is  available  from 
CFSTI  as  AD-673,542  and  bears  NASA  Accession;  No.  N68-36233. 

2.  "Silver  and  Sodium  Ion  Transport  Numbers  into  Pyrex  from 
Binary  Nitrate  Melts",  A.  G,  Keenan  and  W,  H.  Duewer, 

Journal  of  Physical  Chemistry,  7J),  212  (1969).  Reprints  have 
been  distributed  as  Special  Report  No.  7  (1  May  1969),  accor¬ 
ding  to  the  distribution  list  for  the  subject  contract.  The 
work  is  taken  from  the  M.S.  Thesis  of  W.  H.  Duewer,  dated 
August  1966. 

3.  "Synergistic  Catalysis  of  Ammonium  Nitrate  Decomposition", 
A.  G.  Keenan,  K.  Notz,  and  N.  B.  Franco,  Journal  of  the 

American  Chemical  Society,  91,  3168  (1969)..  Reprints  will  be 
issued  as  Special  Report  -No.  o  as  soon  as  they  are  available. 
The  work  is  taken  largely  from,  the  Ph.D.  Dissertation  of 
N.  B»  Franco,  dated  January  1968,  with  some  contribution  from 
the  Ph.D.  Dissertation  of  K.  Notz,  dated  January  1966*  The 
paper  contains  a  complete  summary  of  the  results  of  the  mecha¬ 
nistic  studies  on  catalyzed  ammonium  nitrate  decomposition 
which  have  been  carried  out  in  this  laboratory  under  the  sub¬ 
ject  contract.  Reference  is  made  to  seven  prior  publications* 

4.  "Ammonium  Perchlorate  Explosive  Composition",  A.  G.  Keonan 
and  R,  F.  Siegmund,  inventors.  This  patent  application 

was  filed  on  July  15,  1968,  and  assigned  Serial  No,  744*989* 
Filings  in  foreign  countries  are  also  underway. 
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5*  "Determination  of  Small  Amounts  of  Water,  in  Crystalline 
Ammonium  Perchlorate  by  High  -Resolution  Proton  Magnetic 
Resonance",  A.  G.  Keenan  and  Robert  F*  Siegmund.  This  manu¬ 
script  has  been  submitted  for  publication  and  will  be 
eventually  issued  as  Special  Report  ,No.  9*  Besides  providing 
a  method  for  analytical  -determination  of  water,  as  implied  by 
the  title,  the  paper  contains  comparative  results  between  per¬ 
chlorate  and:  nitrate  which  may  form  the  basis;  of  a  method  of 
measuring  relative  base  strengths  -of  inorganic  anions  in  non- 
levelling  nonaqueous  Solvents.  Further  work  is  planned  along 
these  lines. 

Currently  four  graduate  students  are  working  on  the  con¬ 
tract.*  Mr.  Siegmund  has  continued  his  study  of  the  cupric 
chloride  catalyzed  decomposition  of  ammonium  perchlorate  by 
the  differential  rate  method.  Catalyst  concentrations  from 
1 .3  to  10  weight  %  and  a  temperature  range  from  210  to  235°C 
have  been  employed.  The  catalyst  is  incorporated  by  crystal¬ 
lization  from  aqueous  solution  and  the  crystals  are  ground  and 
sieved  to  lie  in  the  range  7!}.  to  1^.9  microns.  Two  computer 
programs  have  been  written  in  which  the  input  consists  of  raw 
experimental  data  and  the  output  gives  all  the  reaction  parar 
meters  and  their  mean  deviations  evaluated  by  least  square 
methods.  The  programs,  evaluate  n  and  a  for  the  curve 
(-log(l-a) )n  =  kt,,  average  these“for  tKe  different  runs,  compute 
reaction  rate  constants,  plot  these  according  to  the  Arrhenius 
function  and  evaluate  activation  energies.  The  determination  of 
ap  activation  energy  from  the  time  to  rate  maximum  is  also 
incorporated, 

An  initial  extensive  series  of  runs  was  done  with  10$ 
catalyst.  Both  the  acceleratory  and  deceleratory  portions  of 
the  decomposition  curve  could  be  fitted  by  the  same  equation 
log(l/l-a)  =  (kt)n  with  n  =  3  for  the  first  part  and  n  =  0,5  for 
the  second.  Activation  energies  were  determined  in  tho  usual 
way  by  plotting  log  rate  constant  or  other  reaction  parameter 
against  the  reciprocal  of  temperature.  The  five  methods  of 
determining  activation  energy  and'  the  results  in  kcal/mole  are 
as  follows:  (1)  from  induction  period,  E  =  27.9)  ( 2/  from  time 
to  maximum  decomposition  rate,,  E  =  29.9;  (3)  from  time  between 
two  arbitrary  fractions  of  decomposition,  E  =  25*7}  (h)  from 
rate  constants  for  rising  curve,  E  =  27.2}  and  (5)  from  rate 
constants  for  falling  curve,  E  =  27,1.  Decompositions  extended 
to  about  80$,  The  stoichiometric  factor,  i;e.,  the  moles  de¬ 
composed  per  mole  of  gaseous  product,  remains  constant  within  a 
few  per  cent  indicating  that  the  same  mechanism  operates  over 
the  regions  investigated.  In  view  of  the  uncertain  stoichiome¬ 
try  of  AP  decomposition  available  in  the  literature,  it  will  be 
necessary  to  check  out  this  factor  over  a  wide  range  of  conditions 
before  the  volumetric  rate  of  product  production  can  be  safely 
used  as  a  measure  of  reaction  rate. 
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In  working  with  lower  catalyst  concentrations,  it  has 
been  found  that  the  activation  energy  does  not  change  ap¬ 
preciably  until  the  catalyst  is  decreased  from  about  3*  to 
1.3$.  Apparently,  incorporating  the  copper  chloride  within 
the  ammonium  perchlorate  lattice  maximizes  the  catalytic  ef-  r 
feet  of  the  CuCla  at  very  small  concentrations.  This  tends 
to  substantiate  an  earlier  tentative  postulate  that  the  ca_ta-  - 
lyst  in  the  low  temperature  region  simply  provides  additional 
surface  on  which  the  ammonia  and  perchloric  acid  can  become 
absorbed  and  react.  It  has  also  been  found  that  recrystal-^ 
lizing  reagent  grade  ammonium  perchlorate  changes  the  reaction- 
rate  without,  however,  appreciable  change  in  activation  energy. 
This  appears  to  contradict  the  findings  of  some  earlier  in¬ 
vestigators  such  as  Jacobs  (1967)  and  Rosser  (1966).  In  ad-»^ 
dition,  the  critical  concentration  of  CuCla,  that  is  the  on4 
beyond  which  further  additions  have  no  effect  on  the  rate,  ap¬ 
pears  to  occur  at  !.;$•  In  contrast  to  Maycock  (1966),  addi¬ 
tions  of  catalyst  beyond  the  critical  and  going  up  to 

10^  do  not  inhibit  the  decomposition  but  produce  the  same 
effect  as  at  1.5$. 

It  is  hoped  that  the  above  work  on  ammonium  perchlorate 
decomposition  will  contribute  to  a  resolution  of  the  contro¬ 
versies  in  the  literature  over  the  electron- transfer  versus 
pro ton- transfer  mechanisms  and  over  the  effect  of  impurities 
as  against  lattice  defects  on  the  initiation  of  the 
decomposition. 

A  new  student,  Mr.  Mark  Goldstein,  joined  the  research 
group  during  the  year  and  has  begun  an  investigation  of  the 
stoichiometry  and  mechanism  of  the  copper-catalyzed  thermal 
decomposition  of  ammonium  perchlorate  using  gas  chromatographic, 
infrared.  X-ray  and  other  techniques.  The  stoichiometry  of  the 
decomposition  of  pure  AP  at  21 8°  gave  an  02/Ha  ratio  of  8/l 
which  agrees  with  that  found  by  others.  With  3%  CuCl2,  the 
ratio  was  I4./ 1  which  is  comparable  to  the  results  reported  in 
the  literature  for  copper  chromite  catalyzed  AP  at  275° • 
Indications  are  that  the  stoichiometry  depends  on  the  presence 
of  the  catalyst  as  well  as  on  its  concentration  but  this  work 
is  still  in  a  very  preliminary  stage, 

Mr.  Lane  has  been  continuing  his  research  which  is  direc¬ 
ted  toward  establishing  a  Hammett-type  acidity  scale  in  fused 
salts  for  application  toward  the  potentiometric  study  of  the 
role  of  acidity  in  oxidizer  decomposition  mechanisms.  This  re¬ 
quires  accurate  values  for  the  molal  absorptivities  of  chromate 
and  dichromate  ions  and  for  the  standard  potential  of  an 
oxide-ion  sensitive  electrode  in  fused  nitrates. 

After  much  careful  spectrophotometric  work  in  binary 
sodium/potassium  nitrate  eutectics  at  300°,  it  was  found  that 
the  electrometric  results  using  a  Cu/CuO  oxide-ion  indicating 
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electrode  versus  a  Ag/Ag  reference,  could  only  be  interpre¬ 
ted,  at  least  for  the  present,  in  pure  fused  KN03  at  350° • 

The  radial  absorptivities  of  chromate  and  di  chromate  have 
therefore  been  redetermined  in  KNO3  at  350°  over  the  wave- 
lehgth  range  from  350  to  450  nanometers.  We  believe  these 
values  to  be  more  accurate  than  any  of  the  partial  results 
in  the  literature. 

The  standard  potential  of  the  Gu/cuO  electrode  versus  a 
Ag/Ag  reference  has  been  found  to  be  -675*8  mV  at  350°  in 
KNO3.  This  again  is  believed  to  be  much  more  accurate  than 
any  value  available  in  the  literature.  The  measurements  were 
made  by  adding  weighed  amounts  of  potassium  oxalate  to  provide 
oxide  ion.  The  quantitative  conversion  to  oxide  has  been 
checked  analytically.  The  slopes  of  the  six  emf  plots  checked 
the  Nernst  value  for  a  2-electron  electrode  reaction  within 
The  least  squares  standard  error  of  estimate  averaged 
2.9  mV  as  determined  by  a  computer  program.  Using  this  stan¬ 
dard  potential,  the  equilibrium  constant  for  the  reaction 
Cr3073”  ♦  0a“  y--~— Z  Cr043~  can  now  be  calculated  to  be 
6.67  x  10a  at  350°  in  KN03. 

The  variation  of  standard  potential  with  temperature  has 
also  been  determined  over  the  range  350  to  I4.OO0  •  The  stan¬ 
dard  free  energy  change  for  the  above  reaction  at  350°  has  been 
calculated  to  be  -25.17  kcal/mole,  the  enthalpy  change  -46. 06 
kcal/mole  and  the  entropy  change  -27.10  eu. 

In  trying  to  extend  the  electrometric  measurements  to 
binary  nitrate  solvents  an  anomolous  result  has  been  obtained 
in  that  the  presence  of  sodium  ion  appears  to  cause  the  oxide 
ion  electrode  reaction  to  change  so  that  it  is  closer  to  a 
one-electron  process  than  to  the  expected  two-electron  process. 
The  observed  Nernst  slope  is  -11 5  mV  compared  to  the  theoreti¬ 
cal  one-electron  value  of  -123  mV  and  the  theoretical  two- 
electron  value  of  -62  mV.  There  is  no  apparent  reason  in 
principle  why  sodium  should  have  such  an  effect. 

Investigation  of  this  phenomenon  is  an  interesting  spin¬ 
off  from  Mr.  Lane's  electrometric  studies  and  in  fact  this 
research  problem  has  already  been  accepted  by  a  new  student, 

Mr.  Carlos  Fernandez,  who  began  work  on  it  on  1  June  1969. 
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The  following  publications  have  resulted  during  the  past 
year  from  research  under  this  contract: 

1.  Special  Report  No.  6,  "The  Thermal  Decomposition  of 
Ammonium  Perchlorate  -  A  Literature  Review",  by  A.  G. 

Keenan  and  Robert  F,  Siegmund,  dated  1  August  1968.  This  has 
been  distributed  according  to  the  cognizant  distribution  list. 
The  report  is  a  review  of  the  unclassified  literature  on  the 
uncatalyzed  thermal  decomposition  of  ammonium  perchlorate 
through  May  1968.*  It  comprises  pages  and  137  references  to 
scientific  journals  and  DDC  reports.  This  is  available  from 
CFSTI  as  AD-673 , 5>4-2  and  bears  NASA  Accession  No.  N68-36233* 

2.  "Silver  and  Sodium  Ion  Transport  Numbers  into  Pyrex  from 
Binary  Nitrate  Melts",  A.  G.  Keenan  and  W.  H.  Duewer, 

Journal  of  Physical  Chemistry,  72»  212  (1969).  Reprints  have 
been  distributed  as  Special  Report  No.  7  (1  May  1969),  accor¬ 
ding  to  the  distribution  list  for  the  subject  contract.  The 
work  is  taken  from  the  M.S.  Thesis  of  W.  H.  Duewer,  dated 
August  1966. 

3.  "Synergistic  Catalysis  of  Ammonium  Nitrate  Decomposition", 
A.  G.  Keenan,  K.  Notz,  and  N.  B.  Franco,  Journal  of  the 

American  Chemical  Society,  91,  3168  (1969).  Reprirtts  will  be 
issued  as  Special  Report  No.  8  as  soon  as  they  are  available. 
The  work  is  taken  largely  from  the  Ph.D.  Dissertation  of 
N.  B.  Franco,  dated  January  1968,  with  some  contribution  from 
the  Ph.D.  Dissertation  of  K.  Notz,  dated  January  1966.  The 
paper  contains  a  complete  summary  of  the  results  of  the  mecha¬ 
nistic  studies  on  catalyzed  ammonium  nitrate  decomposition 
which  have  been  carried  out  in  this  laboratory  under  the  sub¬ 
ject  contract.  Reference  is  made  to  seven  prior  publications. 

4.  "Ammonium  Perchlorate  Explosive  Composition",  A.  G.  Keenan 
and  R.  F.  Siegmund,  inventors.  This  patent  application 

was  filed  on  July  l£,  1968,  and  assigned  Serial  No.  7i4l-»989. 
Filings  in  foreign  countries  are  also  underway. 
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5.  "Determination  of  Small  Amounts  of  Water  in  Crystalline 
Ammonium  Perchlorate  by  High  Resolution  Proton  Magnetic 
Resonance",  A.  G.  Keenan  and  Robert  F.  Siegmund.  This  manu¬ 
script  has  been  submitted  for  publication  and  will  be 
eventually  issued  as  Special  Report  Noi  9.  Besides  providing 
a  method  for  analytical  determination  of  water,  as  implied  by 
the  title,  the  paper  contains  comparative  results  between  per¬ 
chlorate  and  nitrate  which  may  form  the  basis  of  a  method  of 
measuring  relative  base  strengths  of  inorganic  anions  in  non¬ 
levelling  nonaqueous  solvents.  Further  work  is  planned  along 
these  lines. 

Currently  four  graduate  students  are  working  on  the  con¬ 
tract,  Mr.  Siegmund  has  continued  his  study  of  the  cupric 
chloride  catalyzed  decomposition  of  ammonium  perchlorate  by 
the  differential  rate  method.  Catalyst  concentrations  from, 

1.3  to  10  weight  $  and  a  temperature  range  from  210  to  235°C 
have  been  employed.  The  catalyst  is  incorporated  by  crystal¬ 
lization  from  aqueous  solution  and  the  crystals  are  ground  and 
sieved  to  lie  in  the  range  7)}.  to  1 1^9  microns.  Two  computer 
programs  have  been  written  in  which  the  input  consists  of  raw 
experimental  data  and  the  output  gives  all  the  reaction  para¬ 
meters  and  their  mean  deviations  evaluated  by  least  square 
methods.  The  programs  evaluate  n  and  a  for  the  curve 
(-log(l-a))n  =  kt,  average  these"”for  tKe  different  runs,  compute 
reaction  rate  constants,  plot  these  according  to  the  Arrhenius 
function  ?nd  evaluate  activation  energies.  The  determination  of 
an  activation  energy  from  the  time  to  rate  maximum  is  also 
incorporated. 

An  initial  extensive  series  of  runs  was  done  with  10$ 
catalyst.  Both  the  acceleratory  and  deceleratory  portions  of 
the  decomposition  curve  could  be  fitted  by  the  same  equation 
log(l/l-a)  =  (kt)n  with  n  =  3  for  the  first  part  and  n  =  0.5  for 
the  second.  Activation  energies  were  determined  in  the  usual 
way  by  plotting  log  rate  constant  or  other  reaction  parameter 
against  the  reciprocal  of  temperature.  The  five  methods  of 
determining  activation  energy  and  the  results  in  kcal/mole  are 
as  follows:  (1)  from  induction  period,  E  =  27.9;  (2;  from  time 
to  maximum  decomposition  rate,  E  =  29*9;  (3)  from  time  between 
two  arbitrary  fractions  of  decomposition,  E  =  25-7;  (I4.)  from 
rate  constants  for  rising  curve,  E  =  27.2;  and  (5)  from  rate 
constants  for  falling  curve,  E  =  27.1.  Decompositions  extended 
to  about  80$.  The  stoichiometric  factor,  i.e.,  the  moles  de¬ 
composed  per  mole  of  gaseous  product,  remains  constant  within  a 
few  per  cent  indicating  that  the  same  mechanism  operates  over 
the  regions  investigated.  In  view  of  the  uncertain  stoichiome¬ 
try  of  AP  decomposition  available  in  the  literature,  it  will  be 
necessary  to  check  out  this  factor  over  a  wide  range  of  conditions 
before  the  volumetric  rate  of  product  production  can  be  safely 
U3ed  as  a  measure  of  reaction  rate. 
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In  working  with  lower  catalyst  concentrations,  it  has 
been  found  that  the  activation  energy  does  not  change  ap¬ 
preciably  until  the  catalyst  is  decreased  from  about  yZ  to 
1.3$.  Apparently,  incorporating  the  copper  chloride  within 
the  ammonium  perchlorate  lattice  maximizes  the  catalytic  ef¬ 
fect  of  the  CuClg  at  very  small  concentrations.  This  tends 
to  substantiate  an  earlier  tentative  postulate  that  the  cata¬ 
lyst  in  the  iow  temperature  region  simply  provides  additional 
surface  on  which  the  ammonia  and  perchloric  acid  can  become 
absorbed  and  react.  It  has  also  been  found  that  recrystal- 
lizing  reagent  grade  ammonium-  perchlorate  changes  the  reaction 
rate  without,  however,  appreciable  change  in  activation  energy. 
This  appears  to  contradict  the.  findings  of  some  earlier  in¬ 
vestigators  such  as  Jacobs  (1967 )  and  Rosser  (1966).  In  ad¬ 
dition,  the  critical  concentration  of  CuCl2,  that  is  the  one 
beyond  which  further  additions  have  no  effect  on  the  rate,  ap¬ 
pears  to  occur  at  1*5$.  In  contrast  to  Maycock  (1968),  addi¬ 
tions  of  catalyst  beyond  the  critical  1 ,5$  and  going  up  to 
10 $  do  not  inhibit  the  decomposition  but  produce  the  same 
effect  as  at  1,5$, 

It  is  hoped  that  the  above  work  on  ammonium  perchlorate 
decomposition  will  contribute  to  a  resolution  of  the  contro¬ 
versies  in  the  literature  over  the  electron- transfer  versus 
pro ton- transfer  mechanisms  and  over  the  effect  of  impurities 
as  against  lattice  defects  on  the  initiation  of  the 
decomposition. 

A  new  student,  Mr.  Mark  Goldstein,  joined  the  research 
group  during  the  year  and  has  begun  an  investigation  of  the 
stoichiometry  and  mechanism  of  the  copper-catalyzed  thermal 
decomposition  of  ammonium  perchlorate  using  gas  chromatographic, 
infrared,  X-ray  and  other  techniques.  The  stoichiometry  of  the 
decomposition  of  pure  AP  at  21 8°  gave  an  02/Ha  ratio  of  8/ 1 
which  agrees  with  that  found  by  others.  With  3$  CuCl2,  the 
ratio  was  which  is  comparable  to  the  results  reported  in 
the  literature  for  copper  chromite  catalyzed  AP  at  275° • 
Indications  are  that  the  stoichiometry  depends  on  the  presence 
of  the  catalyst  as  well  as  on  its  concentration  but  this  work 
is  still  in  a  very  preliminary  stage, 

Mr.  Lane  has  been  continuing  his  research  which  is  direc¬ 
ted  toward  establishing  a  Hammett-type  acidity  scale  in  fused 
salts  for  application  toward  the  potentiometric  study  of  the 
role  of  acidity  in  oxidizer  decomposition  mechanisms.  This  re¬ 
quires  accurate  values  for  the  molal  absorptivi ties  of  chromate 
and  dichromate  ions  and  for  the  standard  potential  of  an 
oxide-ion  sensitive  electrode  in  fused  nitrates. 

After  much  careful  spectrophotometric  work  in  binary 
sodium/potassium  nitrate  eutectics  at  300°,  it  was  found  that 
the  electrometric  results  using  a  Cu/CuO  oxide-ion  indicating 
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electrode  versus  a  Ag/Ag  reference,  could  only  be  interpre¬ 
ted,.  at  least  for  the  present,  in  pure  fused  KN0.3  at  350°. 

The  molal  absorptivities  of  chromate  and  di chromate  have 
therefore  been  redetermined  in  KNO  3  at  350°  over  the  wave¬ 
length  range  from  350  to  l\$0  nanometers.  We  believe  these 
values  to  be  more  accurate  than  any  of  the  partial  results 
in  the  literature. 

The  standard  potential  of  the  Cu/CuO  electrode  versus  a 
Ag/Ag^  reference  has  been  found  to  be  -675*8  mV  at  350°  in 
KNO 3.  This  again  is  believed  to  be  much  more  accurate  than 
any  value  available  in  the  literature.  The  measurements  were 
made  by  adding  weighed  amounts  of  potassium  oxalate  to  provide 
oxide  ion.  The  quantitative  conversion  to  oxide  has  been 
checked  analytically.  The  slopes  of  the  six  emf  plots  checked 
the  Nernst  value  for  a  2-electron  electrode  reaction  within 
0.3$.  The  least  squares  standard  error  of  estimate  averaged 
2.9  mV  as  determined  by  a  computer  program.  Using  this  stan¬ 
dard  potential,  the  equilibrium  constant  for  the  reaction 
Cr3072-  +  oa“  y 2  CrO*?"  can  now  be  calculated  to  be 
6.67  x  10a  at  350°  in  KN03. 

The  variation  of  standard  potential  with  temperature  has 
also  been  determined  over  the  range  350  to  4.00°.  The  stan¬ 
dard  free  energy  change  for  the  above  reaction  at  350°  has  been 
calculated  to  be  -25.17  kcal/mole,  the  enthalpy  change  -4.6. 06 
kcal/mole  and  the  entropy  change  -27*10  eu. 

In  trying  to  extend  the  electrometric  measurements  to 
binary  nitrate  solvents  an  anomolous  result  has  been  obtained 
in  that  the  presence  of  sodium  ion  appears  to  cause  the  oxide 
ion  electrode  reaction  to  change  so  that  it  is  closer  to  a 
one-electron  process  than  to  the  expected  two-electron  process. 
The  observed  Nernst  slope  is  -11 5  mV  compared  to  the  theoreti¬ 
cal  one-electron  value  of  -123  mV  and  the  theoretical  two- 
electron  value  of  -62  mV.  There  is  no  apparent  reason  in 
principle  why  sodium  should  have  such  an  effect. 

Investigation  of  this  phenomenon  is  an  interesting  spin¬ 
off  from  Mr.  Lane’s  electrometric  studies  and  in  fact  this 
research  problem  has  already  been  accepted  by  a  new  student, 

Mr.  Carlos  Fernandez,  who  began  work  on  it  on  1  June  1969. 
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